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Abstract

Background Existing studies have shown that computed tomography (CT) attenuation and skeletal muscle tis-

sue are strongly associated with osteoporosis; however, few studies have examined whether vertebral HU values

and the pectoral muscle index (PMI) measured at the level of the 4th thoracic vertebra (T4) are strongly associated
with bone mineral density (BMD). In this study, we demonstrate that vertebral HU values and the PMI based on chest
CT can be used to opportunistically screen for osteoporosis and reduce fracture risk through prompt treatment.

Methods We retrospectively evaluated 1000 patients who underwent chest CT and DXA scans from August 2020-
2022.The T4 HU value and PMI were obtained using manual chest CT measurements. The participants were classified
into normal, osteopenia, and osteoporosis groups based on the results of dual-energy X-ray (DXA) absorptiometry.
We compared the clinical baseline data, T4 HU value, and PMI between the three groups of patients and analyzed
the correlation between the T4 HU value, PMI, and BMD to further evaluate the diagnostic efficacy of the T4 HU value
and PMI for patients with low BMD and osteoporosis.

Results The study ultimately enrolled 469 participants. The T4 HU value and PMI had a high screening capacity
for both low BMD and osteoporosis. The combined diagnostic model—incorporating sex, age, BMI, T4 HU value,
and PMI—demonstrated the best diagnostic efficacy, with areas under the receiver operating characteristic curve
(AUC) of 0.887 and 0.892 for identifying low BMD and osteoporosis, respectively.

Conclusions The measurement of T4 HU value and PMI on chest CT can be used as an opportunistic screening tool
for osteoporosis with excellent diagnostic efficacy. This approach allows the early prevention of osteoporotic fractures
via the timely screening of individuals at high risk of osteoporosis without requiring additional radiation.

Keywords Osteoporosis (OP), Computed tomography (CT), Pectoral muscle index (PMI), Dual-energy X-ray
absorptiometry (DXA), Bone mineral density (BMD)

Introduction

Osteoporosis (OP) is a widespread metabolic bone dis-

ease characterized by the loss of bone, resulting in a high

risk of fracture [1]. Fractures are one of the most seri-

ous consequences of osteoporosis, with high mortality
*Correspondence: and disability rates, and represent just one of the public
You-Jia Xu health problems that countries must address [2]. How-
xuyoujia@suda.edu.cn ever, the diagnostic rate for osteoporosis is considerably
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Currently, dual-energy X-ray absorptiometry (DXA) is
considered the gold standard for measuring bone mineral
density (BMD) [5, 6]. However, DXA is expensive, has not
been widely used in many countries and is not available
readily in many counties [7, 8]. It has been suggested that
osteoporosis can be opportunistically screened by com-
puted tomography (CT) [9]. Currently, the HU values of
L1 in abdominal CT is used to predict osteoporosis and
has been associated with fragility fractures [10]; Studies
have proposed a threshold value for predicting osteopo-
rosis using HU values of lumbar spine with good diag-
nostic ability [11, 12].

Sarcopenia is defined as the loss of skeletal muscle
strength and low muscle mass [13]. A growing body of
research has shown that sarcopenia is associated with
osteoporosis [4, 14]. Some studies have shown that the
psoas major muscle index positively correlates with the
total volume of skeletal muscle in the body, and that the
risk of osteoporosis can be predicted by measuring the
skeletal muscle index on CT [10]. Additionally, further
studies have shown that the pectoral muscle index (PMI)
strongly correlates with BMD [15, 16].

Unlike abdominal CT, chest CT scans are widely used
for lung cancer screening, the diagnosis of pneumonia,
and the follow-up of lung nodules [17]. Although few
studies have been conducted on the thoracic spine, we
speculated that the PMI and vertebral HU value on chest
CT could be used to opportunistically screen for osteo-
porosis. The purpose of this retrospective study was to
assess the ability to opportunistically screen for osteo-
porosis by measuring the PMI and vertebral HU value of
patients who underwent chest CT for various indications.
We hypothesized that this method could opportunisti-
cally screen for osteoporosis in the absence of DXA.

Methods

Study participants

The study was approved by committee of the Second
Affiliated Hospital of Soochow University and individual
consent for this retrospective analysis was waived. In
this study, 1000 consecutive participants were enrolled
from August 2020-2022. The inclusion criteria were an
age > 50 years; having undergone DXA and chest CT. The
participants were divided into three groups according to
the lowest T-value: osteoporosis (T-score < — 2.5), osteo-
penia (— 2.5<T-score<— 1), and normal (T-score>— 1).
The exclusion criteria were as follows: combined bone
tumor, ankylosing spondylitis, spinal tuberculosis and
diffuse idiopathic osteomalacia; a previous history of
thoracolumbar spine fracture and surgery; other diseases
that may affect bone metabolism [18]; females who were
not menopausal; patients with missing baseline data;
patients in whom chest CT and DXA were not performed
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in the same week to minimize time-induced changes in
bones and muscles. In total, 479 study participants were
included, and baseline data related to age, sex, and body
mass index (BMI) were recorded (Fig. 1).

CT scanning parameters and postprocessing of images

A six-row spiral CT scanner (SOMATOM Emotion 6;
Siemens, Munich, Germany) was used for chest CT
scanning of the study subjects. The thoracic CT imag-
ing parameters were as follows: tube voltage, 120 kv;
tube current, automatic adjustment; and layer thickness,
0.625-2 mm. CT analysis was performed using the Pic-
ture Archiving and Communication System (PACS) for
medical imaging. In this study, the fourth thoracic verte-
bra (T4) was used to measure the HU value of the verte-
bral cancellous bone [19].

A region of interest (ROI) was placed in the cancellous
bone region of the vertebral body, covering as much of
the cancellous bone region as possible. For each measure-
ment, the ROI did not include the cortical margins, focal
lysis, sclerotic lesions, or fractures. Most previous studies
only analyzed a single elliptical ROI to evaluate the BMD
in each vertebra [20]. Measuring only a single ROI may
lead to questionable measurement reliability and repro-
ducibility because of the three-dimensional structure
of the vertebrae; therefore, the ROIs in this study were
measured separately at three levels on the sagittal images
of the target vertebrae: immediately below the upper
endplate, in the middle of the vertebrae, and immediately
above the lower endplate (Fig. 2).

The average HU values for each vertebra was calculated
from the HU value at the three axial levels, with the units
expressed in Hounsfield units (HU). At the T4 level, the
pectoralis major and pectoralis minor edges were drawn
by hand, and the bilateral pectoralis muscle area (PMA)
was recorded. Finally, the PMA was corrected for height
to obtain the PMI (Fig. 2). The PMI was calculated by
dividing the PMA in cm? by the height squared in meters
(cm?/m?) [21]. All measurements were performed by two
independent observers, who were unaware of the sub-
ject’s DXA measurements, to avoid subjective influences
on the measured data [22, 23].

DXA scanning

The BMD was measured in all study participants using
DXA (Lunar Prodigy dual-energy X-ray bone densitom-
eter; GE Healthcare, Chicago, Illinois, USA). Measure-
ments included BMD and T-scores for L1-4 and the hips.
The BMD is expressed as g/cm? In this study, the partici-
pants were classified according to the lowest T-score of
DXA.
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Between August 2020 and August 2022,

1, 000

patients aged >30 years who had chest CT and DXA

were included

C"l patients were excluded \
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476 patients were
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\
>»| (2) Bone tumors (n=11)
(3) Other metabolic disorders
(n=80)
(4) History of surgery for
thoracic spine fracture (n=41)
(3) Non-menopausal females
(n=28)
(6) No complete baseline (n=131)
(7) Chest CT not performed in

C same week as DXA (n=169) /
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Fig. 1 Flowchart of patient inclusion and grouping

Statistical methods

The observer agreement was compared by calculat-
ing the intraclass correlation coefficient (ICC). The
interobserver variability of the HU values measure-
ments was determined by a Bland-Altman diagram
[24], and consistency was determined by plotting
the mean measurement difference of+1.96 stand-
ard deviation (SD). Normally distributed variables are
expressed as the mean + SD. Differences in continuous
variables between multiple groups were determined
using ANOVA (for conformity to a normal distribu-
tion) and the Kruskal-Wallis test (for conformity to a
non-normal distribution); Tukey’s method was used for
comparisons between any two groups. Differences in
categorical data were tested using the chi-squared test.
The Pearson correlation coefficient was used to analyze
the correlation between the influencing factors and to
plot the matrix. The value of the joint prediction model
for opportunistic osteoporosis screening was evaluated
using a receiver operating characteristic (ROC) curve;
the area under the ROC curve (AUC), sensitivity, speci-
ficity, and threshold were calculated. P-values<0.05
was considered statistically significant. Statistical anal-
yses were calculated using SPSS 26.0

Results

Clinical baseline data

One thousand participants were included in this study,
among whom 521 were excluded according to the exclu-
sion criteria; finally, a total of 479 participants were
enrolled in the study of opportunistic screening for
osteoporosis. The measurements of the two observers
showed good agreement (ICCy;;=0.994, ICCp\ 4 =0.992,
p<0.05). Figure 3 shows the interobserver variability of
the vertebral cancellous bone HU values and PMA meas-
urements; the 95% limits of agreement in the Bland-
Altman plot between the two observers ranged from
—-11.25-9.58 HU for cancellous bone, and — 69.1-132.6
mm? for PMA (Fig. 3).

According to the DXA results, the 479 participants
were divided into three groups: normal (n=144, 30.1%),
osteopenia (n=202, 42.2%), and osteoporosis (n=133,
27.8%). The data showed that the age, BMI, T4 HU
value, and PMI were significantly different between
the two groups. In the normal, osteopenia, and osteo-
porosis groups, the percentage of females and mean
age increased sequentially, while the BMI decreased
sequentially. In the normal, osteopenia, and osteoporo-
sis groups, the proportions of postmenopausal females
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(a) (b)
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Fig. 2 Method for determining the PMA and average vertebral HU values using CT. a Horizontal plane of the sternal angle; the pectoralis major
is blue, and the pectoralis minor is purple. b Vertebral body CT sagittal plane. c—e CT scan of three levels of a single vertebra in the sagittal plane (A,
near the upper end plate; B, middle of the vertebrae; C, near the lower end plate). CT, Computed tomography; PMA, Pectoralis muscle area
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Fig. 3 Bland-Altman plots for the interobserver variability on chest CT measurements. a Bone attenuation. b Pectoral muscle. CT, Computed
tomography
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were 54.2%, 71.3%, and 81.2%, and the mean ages were
63.8+9.0 years, 68.3+9.1 years, and 74.3+8.9 years,
respectively. The mean T4 HU value were 186+42.6
HU, 141 +34.4 HU, 106 + 32.6 HU; the mean PMAs were
29.3+8.2 cm? 232+6.7 cm?’ 17.0+6.1 cm’ and the
height-corrected PMIs were 11.2+3.0 cm?*/m?, 9.3+2.6
cm?/m?, 7.1+ 2.6 cm?/m? respectively. Regarding the HU
value, PMA, and PMI, two-by-two comparisons revealed
that the values for each of these decreased sequentially in
the three groups; the differences were all statistically sig-
nificant (Table 1).

Correlations between age, BMI, T4 HU value, PMI, and BMD
and T-scores

Table 2 shows that age negatively correlated with BMD
and T-scores for L1-4 and the hip; a stronger correlation
was observed with hip than L1-L4 BMD and T-scores.
BMI positively correlated with BMD and T-scores for
L1-4 and the hip, with the strongest correlation observed
for L1-L4 BMD (r=0.359, p<0.001).

The T-scores for L1-4 and the hip strongly correlated
with both T4 HU value and PMI, with T4 HU value mod-
erately correlating with L1-4 and hip T-scores (r=0.698,
p<0.01; r=0.642, p<0.01). Additionally, the correlation
with L1-4 and hip T-scores were stronger for T4 HU
value than PMI (r=0.412, p<0.01, r=0.441, p<0.01).
In particular, the correlation between T4 HU value and
L1-4T-scores was stronger, whereas that between PMI
and L1-4T-scores was weaker than in the hip (Fig. 4).

Univariate regression analysis of low BMD

and osteoporosis

The one-way regression analyses for predicting the risk
of low BMD and osteoporosis are summarized in Table 3.
Sex, age, BMI, T4 HU values, and PMI were significant
predictors of low BMD and osteoporosis. Female sex and
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Table 2 Correlation between age, BMI, vertebral HU values, and
PMI and T-scores and BMD at each site

L1-L4 BMD L1-L4 BMD Hip BMD T-score Hip BMD
T-score
Age  —0.183** —0.192** —0475%* —0451%*
BMI 0.343** 0.359** 0.352** 0.324**
T4HU  0.698** 0.699** 0.642** 0.654**
PMI 0.412%* 0.405** 0.441% 0474%

The correlation was significant at a 0.01 level (two-tailed)

age were significant positive predictors of low BMD and
osteoporosis, whereas BMI, T4 HU value, and PMI were
negative predictors. The diagnosis of low BMD and oste-
oporosis was associated with lower T4 HU value (OR,,,,
sup: 0.964, 95% CI 0.957-0.971, p<0.05 OR ygeoporo.
«is=0.963, 95% CI 0.956-0.971, p<0.05) and lower PMI
(ORy,,, gip =0.725, 95% CI 0.670-0.786, p < 0.05; OR
=0.627, 95% CI 0.564—0.697, p <0.05).

osteo-

porosis

ROC analysis of diagnostic models

Table 4 shows the efficacy of T4 HU value and PMI for
the diagnosis of low BMD and osteoporosis. We found
that a threshold of 175 HU was 90% sensitive, a threshold
of 126 HU was 90% specific and a balanced threshold of
158 HU for distinguishing patients with low BMD by T4.
A threshold of 11.82 cm?/ m* was 90% sensitive, a thresh-
old of 8.18 cm?/ m? was 90% specific and a balanced
threshold of 8.60 cm?/ m? for distinguishing patients with
low BMD by PML A threshold of 148 HU was 90% sensi-
tive, a threshold of 106 HU was 90% specific and a bal-
anced threshold of 131 HU for distinguishing patients
with osteoporosis by T4. A threshold of 10.28 cm?/ m?
was 90% sensitive, a threshold of 6.66 cm?/ m* was 90%
specific and a balanced threshold of 8.13 cm?/ m? for dis-
tinguishing patients with osteoporosis by PMI.

Table 1 Comparison of clinical baseline data, HU values, PMA, and PMI in the three groups

Features Normal (n=144) Osteopenia (n=202) Osteoporosis (h=133) P-value
Age 63.8 (9.0) 683 (9.1) 74.3(8.9) <0.05
Women 78 (54.2%) 144 (71.3%) 108 (81.2%) <0.05
BMI 26.0(3.0) 249 (3.5) 224 (3.5) <0.05
L1-L4 BMD (g/cmz) 1.19(0.15) 1.0(0.14) 0.8(0.13) <0.05
Hip BMD (g/cm?) 0.95(0.11) 0.76 (0.08) 0.62 (0.09) <0.05
L1-L4 T-score 0.74 (1.32) -093(1.21) —2.57(1.10) <0.05
Hip T-score —0.09(0.73) —1.49(0.60) —2.64(0.75) <0.05
T4 (HU) 186 (42.6) 141 (34.4) 106 (32.6) <0.05
PMA (cm?) 293(8.2) 23.2(6.7) 17.0(6.1) <0.05
PMI (cm?/ m?) 112 (3.0) 93(26) 7.1 (26) <005

P-value: Comparison of any two of the three groups: normal, osteopenia, and osteoporosis

BMI, Body mass index; BMD, Bone mineral density; PMA, Pectoralis muscle area; PMI, Pectoral muscle index
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Fig. 4 Scatter plots and fitted curves of T4 HU and PMI versus T-scores

Table 3 One-way logistic regression analysis of low BMD and
0steoporosis

(2024) 19:335

OR 95% p-value

confidence

interval

Low BMD Female sex 2.569 1.703-3.875 <0.05
Age 1.083 1.058-1.109 <0.05
BMI 0.843 0.794-0.895 <0.05
T4 0.964 0.957-0.971 <0.05
PMI 0.725 0.670-0.786 <0.05
Osteoporosis Female sex 2017 1.258-3.232 <0.05
Age 1.096 1.069-1.123 <0.05
BMI 0.762 0.709-0.819 <0.05
T4 0.963 0.956-0.971 <0.05
PMI 0627 0.564-0.697 <0.05

Low BMD, including osteopenia and osteoporosis; non-osteoporosis, including
normal and osteopenia groups

The one-way diagnostic models based on T4 HU value
or PMI were statistically significant, with AUCs of 0.850
(95% CI 0.814-0.880, p<0.05) and 0.831 (95% CI 0.794—
0.863, p<0.05) for T4, and 0.761 (95% CI 0.720-0.798,
p<0.05) and 0.800 (95% CI 0.843—-0.904, p <0.05) for PMI
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r=0.642

HU

Hip

r=0.441

Hip

for low BMD and osteoporosis, respectively. The AUCs
of the modell were 0.876 (95% CI 0.814—0.880, p=0.05)
and 0.876 (95% CI 0.843-0.904, p<0.05) for low BMD
and osteoporosis, respectively. When including patient
sex, age, and BMI together in the model, the AUCs of
the model2 were 0.887 (95% CI 0.855-0.914, p=0.001,
sensitivity =0.884, specificity=0.722) and 0.892 (95%
CI 0.861-0.919, p<0.001, sensitivity=0.857, specific-
ity=0.766) for low BMD and osteoporosis, respectively.

To better compare the predictive efficacy of the mod-
els, ROC plots were plotted (Fig. 5), revealing that the
combined diagnostic model (including sex, age, BMI, T4
HU value, and PMI) outperformed the other models.

Discussion

This study found that low BMD and osteoporosis can be
independently screened for by determining the optimal
thresholds for T4 HU values and pectoral muscles index
during chest CT examinations performed for other rea-
sons. When T4 HU values, PMI, gender, age, and BMI
were further included together in the model, it was found
that the combined model possessed better diagnostic
ability. Our findings are similar to those of previous stud-
ies [25, 26]. But unlike previous studies, this is the first
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Table 4 Application of ROC curves to evaluate the diagnostic utility of each model for low BMD and osteoporosis
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Group AUC (95% Cl) Youden’sindex balanced Sensitivity ~ Specificity = Threshold for Threshold
threshold 90% sensitivity for 90%
specificity
Low BMD T4 0.850 (0.814-0.880)  0.553 158 0.803 0.75 175 129
PMI 0.761 (0.720-0.798)  0.4263 8.6 0579 0.847 11.82 8.18
Model 1 0.876 (0.843-0.904)  0.5869 0.61 0.851 0.736 0.5159 0.8303
Model 2 0.887 (0.855-0.914) 0.6058 0.563 0.884 0.722 05167 0.8201
Osteoporosis T4 0.831(0.794-0.863) 04976 131 0.79 0.708 148 106
PMI 0.800 (0.761-0.834)  0.4952 8.13 0.729 0.766 10.28 6.66
Model 1 0.876 (0.843-0.904) 0.6034 0277 0.835 0.769 0.149 0481
Model 2 0.892 (0.861-0.919) 0.623 027 0.857 0.766 0.168 0475

Model 1, Combined vertebral HU values and PMI; Model 2, Combined vertebral HU values, PMI, sex, age, and BMI; AUC, Area under the ROC curve; Cl, Confidence

interval; PMI, Pectoral muscle index
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Fig. 5 ROC curve of subjects predicting low BMD and osteoporosis. a Normal versus low BMD. b Non-osteoporosis versus osteoporosis. Low BMD,
Including osteopenia and osteoporosis; non-osteoporosis, including normal and osteopenia groups

time that PMI and T4 HU have been included together in
a study, further demonstrating that the combined use of
PMI and single vertebral trabecular attenuation values in
chest CT examinations is a valuable tool for opportunis-
tic screening for osteoporosis.

CT scans provide rich, high-resolution cross-sectional
images and include HU value related to tissue density
and cross-sectional area [27] Studies have shown that
cancellous bone usually loses BMD faster than corti-
cal bone, bone trabeculae are considered more sensitive
indicators of changes in BMD [28]. Therefore, HU values
can be used as a basis for detecting reduced bone den-
sity [22]. Recent studies have demonstrated that skeletal
muscle measurements at the T4 vertebral level on chest
CT are as useful as those in the abdomen for assessing
whole-body muscle levels; additionally, PMA measure-
ments at the T4 level have been proposed as surrogate
markers of sarcopenia [29]. Therefore, the HU value of

the T4 cancellous bone and the PMA in the same hori-
zontal plane were used as measurement targets in this
study. The T4 HU values and PMA were obtained from
measurements taken by two experienced clinicians, with
good agreement obtained between the two measure-
ments (ICCy;=0.994, ICCpp,=0.992; p<0.05), which
is consistent with previous studies demonstrating good
inter- and intra-observer reliability for both [30, 31].

As relevant studies have shown that osteoporosis
occurs mainly in individuals aged > 50 years [1], our study
mainly included patients aged >50 years. The data dem-
onstrated a gradual increase in the mean age from the
normal, to osteopenia, to osteoporosis group; addition-
ally, the proportion of postmenopausal females increased
in all three groups. As people age, their body functions
gradually deteriorate, including the loss of bone mass;
thus, age is a major risk factor for osteoporosis. Postmen-
opause is another risk factor for osteoporosis, and studies
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have shown that females aged >50 years are more likely
to develop osteoporosis than males [32, 33]; this may be
related to the decline in estrogen levels in females after
menopause [34]. Jang et al. [35] demonstrated that HU
value were strongly and negatively correlated with age
and positively correlated with BMD. Similarly, our find-
ings demonstrated that thoracic spine HU value posi-
tively correlated with BMD (r=0.642-0.698, p<0.01),
and that low thoracic spine HU value are a risk factor
for osteoporosis. As bone loss occurs, bone trabeculae
become thinner and the BMD decreases, similar to the
HU value of the vertebrae. A previous study reported
an increased prevalence of osteoporosis in males with
COPD and sarcopenia [36]. Our study revealed that PMI
positively correlated with the BMD of patients (r=0.412—
0.441, p<0.001). low PMI is a known risk factor for
osteoporosis.

In the L1, the optimal cut-off values in the population
has been proposed. Pickhardt et al. suggested a threshold
of <110 HU as 90% specific, a threshold of <160 HU as
90% sensitive and a balanced threshold of <135 HU for
distinguishing osteoporosis from non-osteoporosis [20].
However, there are no authoritative studies that have
determined the cut-off values of T4 segments in large
populations. Yang et al. had distinguished osteoporosis
by a single thoracic spine HU value with AUC values of
0.772-0.834. In T4 segments, the balanced thresholds for
distinguishing normal, osteopenia, and osteoporosis were
181 HU, 158 HU, and 131 HU, respectively [26]. This is
in contrast to our study, which found that T4HU had
good discriminatory ability in distinguishing between
low BMD and osteoporosis patients with AUC values of
0.850 and 0.831, respectively. However, the cut-off val-
ues in this study were 175 HU and 148 HU, respectively,
which is attributed to the difference in subject subgroups,
osteopenia and osteoporosis were combined as low BMD
in this study. Ronnie Sebro et al. noted an optimal cutoff
value of 192 for T4 and an AUC value of 0.76 for diagno-
sis of low BMD which has a higher threshold and lower
AUC value than the present study [37]. However, there is
previous evidence of inter-study variation, which high-
lights likely variable performance of CT for osteoporosis
screening across various settings and populations [38].
This may be attributable in part to differences in scanning
equipment and protocols [39]. Nevertheless, our findings
are consistent with many other studies that T4 attenua-
tion values in chest CT can differentiate osteoporosis.

Mechanical and endocrine correlations have been
found to exist between the skeletal muscle and bone;
mechanical loading is the most direct link and the key
mechanism linking these two tissues to their central
role in physical activity. Skeletal muscles also secrete
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various cytokines, including interleukin (IL)-6, basic
fibroblast growth factor (FGF-2), insulin-like growth
factor-1 (IGF-1), osteocalcin, and bone-activating hor-
mones, all of which influence the growth and differenti-
ation of osteoblasts and osteoclasts, thus affecting bone
function [40, 41]. This observation demonstrates the
relationship between skeletal muscle and osteoporosis
at the cellular and molecular levels.

Parulekar et al. [15] demonstrated that a low PMI
was a positive predictor of osteoporosis in patients
awaiting lung transplantation. No study has yet distin-
guished osteoporosis by determining the optimal cutoff
value for PMI. We found that the optimal cutoff values
for differentiating low BMD and osteoporosis from the
population by PMI were 8.60 cm?/ m? and 8.13 cm?/
m?, with AUCs of 0.761 and 0.800, respectively, and
that their diagnostic efficacy was significantly better
than that of the lumbar major muscle index in another
study (AUC=0.4). We speculate that this may have
been influenced by muscle and sample size. The study
by Huang et al. [42] on the psoas major index at the L3
level included a total of 180 patients, which is a much
smaller sample size than that in our study.

We further included T4 HU value, PM]I, sex, age, and
BMI together in the model, and found that the com-
bined model possessed better diagnostic ability than
a one-factor model, with AUCs of 0.887 and 0.890,
respectively. Moreover, the combined model showed
good accuracy and specificity, with sensitivities of 0.884
and 0.857, and specificities of 0.722 and 0.766 for low
BMD and osteoporosis, respectively.

In the analysis of CTs obtained for other clinical rea-
sons, although specific imaging software is required,
the method described in this study for measuring T4
HU value and PMI requires very little time. At the same
time, the method does not require additional equip-
ment, radiation exposure, or patient counselling time.
Therefore, the opportunistic screening for low BMD
and osteoporosis by chest CT may represent a safe and
effective strategy [43, 44].

This study also has some limitations; first, the gen-
eralizability of the results may be limited as it was a
single-center retrospective study. Therefore, further
confirmation of our findings through future studies is
necessary. Second, chest CT was performed on differ-
ent machine models, the impact of which on the meas-
urement of target values will need to be quantified in
the future. Third, this study used manual measure-
ments of muscle area and vertebral attenuation values.
Although manual selection of ROIs can provide reli-
able measurements, automated measurements remain
indispensable in opportunistic screening. Finally, larger
sample sizes and external validations are required to



Wang et al. Journal of Orthopaedic Surgery and Research

build more accurate diagnostic models and establish
fully automated diagnostics.

Conclusion

In conclusion, in this study, we demonstrated a strong
correlation between vertebral HU value, the PMI on
chest CT scans, and BMD, indicating that patients with
osteoporosis can be opportunistically screened using ver-
tebral HU value and the PMI on chest CT. The combined
diagnostic efficacy of T4 HU value, PMI, sex, age, and
BMI was higher than that for a one-factor model. Thus,
with the increased use of chest CT in screening for lung
diseases in the elderly, the opportunistic screening of
patients with osteoporosis using chest CT is an economi-
cal and safe strategy. Furthermore, more accurate BMD
screening for people at a high risk of osteoporosis can
improve the early diagnosis of osteoporosis and prevent
fragility fractures.

Abbreviations

OR Odds ratio

@] Confidence intervals
BMD  Bone mineral density
cT Computed tomography values
PMA  Pectoralis muscle area
PMI Pectoral muscle index
DXA  Dual-energy X-ray

AUC  Areas under the receiver
OP Osteoporosis

BMI Body mass index

ROI Region of interest

Acknowledgements
Not applicable.

Author contributions

XW and SP contributed equally to this work. Investigation: XW and SP;
Resources: XW and SP; Data curation: All authors; Writing original draft: XW
and SP; Writing review and editing: XW and SP; Supervision: YX; Project admin-
istration: YX; Funding acquisition: Funding acquisition.

Funding
We would like to thank National Key R&D Program of China (2021YFC2501700)
and Natural Science Foundation of China (82072474).

Availability of data and materials
Data will be available by contacting Youjia Xu, the corresponding author, at
the above address.

Declarations

Ethics approval and consent to participate

The study was approved by committee of the Second Affiliated Hospital of
Soochow University and individual consent for this retrospective analysis
was waived. For this type of study (retrospective study), formal consent is not
required in China.

Consent for publication

All authors have approved the manuscript and agree with its submission to
Journal of Orthopedic Surgery and Research, and all authors agree with the
content of the manuscript.

Competing interests
The authors declare that they have no competing interests.

(2024) 19:335

Page 9 of 10

Received: 7 March 2024 Accepted: 30 May 2024
Published online: 07 June 2024

References

1. Johnell O, Kanis JA. An estimate of the worldwide prevalence and dis-
ability associated with osteoporotic fractures. Osteoporos Int J Establ
Result Coop Between Eur Found Osteoporos Natl Osteoporos Found
USA. 2006;17(12):1726-33.

2. Migliorini F, Giorgino R, Hildebrand F, Spiezia F, Peretti GM, Alessandri-
Bonetti M, et al. Fragility fractures: risk factors and management in the
elderly. Medicina (Kaunas). 2021;57(10):1119.

3. WangL, YuW,Yin X, Cuil, Tang S, Jiang N, et al. Prevalence of osteoporo-
sis and fracture in China: the China osteoporosis prevalence study. JAMA
Netw Open. 2021;4(8):22121106.

4. Kanis JA, Cooper C, Rizzoli R, Reginster JY. European guidance for the
diagnosis and management of osteoporosis in postmenopausal women.
Osteoporos Int J Establ Result Coop Between Eur Found Osteoporos Natl
Osteoporos Found USA. 2019;30(1):3-44.

5. Lane NE. Epidemiology, etiology, and diagnosis of osteoporosis. Am J
Obstet Gynecol. 2006;194(2 Suppl):S3-11.

6.  Curry SJ, Krist AH, Owens DK, Barry MJ, Caughey AB, Davidson KW, et al.
Screening for osteoporosis to prevent fractures: US preventive services
task force recommendation statement. JAMA. 2018;319(24):2521-31.

7. Leslie WD, Giangregorio LM, Yogendran M, Azimaee M, Morin S, Metge
C, etal. A population-based analysis of the post-fracture care gap
1996-2008: the situation is not improving. Osteoporos Int J Establ Result
Coop Between Eur Found Osteoporos Natl Osteoporos Found USA.
2012;23(5):1623-9.

8. King AB, Fiorentino DM. Medicare payment cuts for osteoporosis testing
reduced use despite tests'benefit in reducing fractures. Health Aff (Mill-
wood). 2011;30(12):2362-70.

9. Amin MFM, Zakaria WMW, Yahya N. Correlation between Hounsfield unit
derived from head, thorax, abdomen, spine and pelvis CT and t-scores
from DXA. Skeletal Radiol. 2021;50(12):2525-35.

10. Lee SJ, Graffy PM, Zea RD, Ziemlewicz TJ, Pickhardt PJ. Future osteoporotic
fracture risk related to lumbar vertebral trabecular attenuation measured
at routine body CT. J Bone Miner Res Off J Am Soc Bone Miner Res.
2018;33(5):860-7.

11. Majumdar SR, Leslie WD. Conventional computed tomography imaging
and bone mineral density: opportunistic screening or “incidentaloporo-
sis”? Ann Intern Med. 2013;158(8):630-1.

12. PanY, ShiD,Wang H, ChenT, Cui D, Cheng X, et al. Automatic opportunis-
tic osteoporosis screening using low-dose chest computed tomography
scans obtained for lung cancer screening. Eur Radiol. 2020;30(7):4107-16.

13. Papadopoulou SK. Sarcopenia: a contemporary health problem among
older adult populations. Nutrients. 2020;12(5):1293.

14. Pagnotti GM, Styner M, Uzer G, Patel VS, Wright LE, Ness KK, et al. Combat-
ing osteoporosis and obesity with exercise: leveraging cell mechanosen-
sitivity. Nat Rev Endocrinol. 2019;15(6):339-55.

15. Parulekar AD, Wang T, Li GW, Hoang V, Kao CC. Pectoralis muscle area is
associated with bone mineral density and lung function in lung trans-
plant candidates. Osteoporos Int J Establ Result Coop Between Eur Found
Osteoporos Natl Osteoporos Found USA. 2020;31(7):1361-7.

16. Kim YW, Kim JH, Yoon SH, Lee JH, Lee CH, Shin CS, et al. Vertebral bone
attenuation on low-dose chest CT: quantitative volumetric analysis for
bone fragility assessment. Osteoporos Int J Establ Result Coop Between
Eur Found Osteoporos Natl Osteoporos Found USA. 2017;28(1):329-38.

17. Raju 'S, Ghosh S, Mehta AC. Chest CT signs in pulmonary disease: a picto-
rial review. Chest. 2017;151(6):1356-74.

18. Migliorini F, Colarossi G, Eschweiler J, Oliva F, Driessen A, Maffulli N. Antire-
sorptive treatments for corticosteroid-induced osteoporosis: a Bayesian
network meta-analysis. Br Med Bull. 2022;143(1):46-56.

19. Ball M, Falkson SR, Adigun OO. Anatomy, Angle of Louis. StatPearls. Treas-
ure Island (FL) ineligible companies. Disclosure: Samuel Falkson declares
no relevant financial relationships with ineligible companies. Disclosure:
Oluwaseun Adigun declares no relevant financial relationships with



Wang et al. Journal of Orthopaedic Surgery and Research (2024) 19:335

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

ineligible companies: StatPearls Publishing. Copyright © 2023, StatPearls
Publishing LLC,; 2023.

Pickhardt PJ, Pooler BD, Lauder T, del Rio AM, Bruce RJ, Binkley N.
Opportunistic screening for osteoporosis using abdominal computed
tomography scans obtained for other indications. Ann Intern Med.
2013;158(8):588-95.

Boutin RD, Lenchik L. Value-added opportunistic CT: insights into osteo-
porosis and sarcopenia. AJR Am J Roentgenol. 2020;215(3):582-94.
Schreiber JJ, Anderson PA, Rosas HG, Buchholz AL, Au AG. Hounsfield
units for assessing bone mineral density and strength: a tool for osteopo-
rosis management. J Bone Joint Surg Am. 2011;93(11):1057-63.
Marinova M, Edon B, Wolter K, Katsimbari B, Schild HH, Strunk HM. Use of
routine thoracic and abdominal computed tomography scans for assess-
ing bone mineral density and detecting osteoporosis. Curr Med Res Opin.
2015;31(10):1871-81.

Bland JM, Altman DG. Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet (Lond, Engl).
1986;1(8476):307-10.

Papageorgiou M, Sathyapalan T, Schutte R. Muscle mass measures and
incident osteoporosis in a large cohort of postmenopausal women. J
Cachexia Sarcopenia Muscle. 2019;10(1):131-9.

Yang J, Liao M, Wang Y, Chen L, He L, Ji Y, et al. Opportunistic osteoporo-
sis screening using chest CT with artificial intelligence. Osteoporos Int

J Establ Result Coop Between Eur Found Osteoporos Natl Osteoporos
Found USA. 2022;33(12):2547-61.

Patrick S, Birur NP, Gurushanth K, Raghavan AS, Gurudath S. Comparison
of gray values of cone-beam computed tomography with hounsfield
units of multislice computed tomography: an in vitro study. Indian J Dent
Res. 2017,28(1):66-70.

Cheon H, Choi W, Lee Y, Lee D, Kim J, Kang JH, et al. Assessment of tra-
becular bone mineral density using quantitative computed tomography
in normal cats. J Vet Med Sci. 2012;74(11):1461-7.

van Heusden HC, Swartz JE, Chargi N, de Jong PA, van Baal M, Wegner |,
et al. Feasibility of assessment of skeletal muscle mass on a single cross-
sectional image at the level of the fourth thoracic vertebra. Eur J Radiol.
2021;142:109879.

Pompe E, de Jong PA, de Jong WU, Takx RA, Eikendal AL, Willemink MJ,

et al. Inter-observer and inter-examination variability of manual vertebral
bone attenuation measurements on computed tomography. Eur Radiol.
2016;26(9):3046-53.

Tekin ZN, Dogruoz Karatekin B, Dogan MB, Bilgi Z. Pectoralis muscle

area measured at T4 level is closely associated with adverse COVID-19
outcomes in hospitalized patients. J Musculoskelet Neuronal Interact.
2023,;23(2):196-204.

Wang Y, Tao Y, Hyman ME, Li J, Chen Y. Osteoporosis in china. Osteoporos
Int J Establ Result Coop Between Eur Found Osteoporos Natl Osteoporos
Found USA. 2009;20(10):1651-62.

Migliorini F, Colarossi G, Baroncini A, Eschweiler J, Tingart M, Maffulli

N. Pharmacological management of postmenopausal osteoporosis:
alevel | evidence based—expert opinion. Expert Rev Clin Pharmacol.
2021;14(1):105-19.

Lindsay R. The menopause and osteoporosis. Obstet Gynecol. 1996,87(2
Suppl):16s-s19.

Jang S, Graffy PM, Ziemlewicz TJ, Lee SJ, Summers RM, Pickhardt PJ.
Opportunistic osteoporosis screening at routine abdominal and thoracic
CT: normative L1 trabecular attenuation values in more than 20,000
adults. Radiology. 2019;291(2):360-7.

Hwang JA, Kim YS, Leem AY, Park MS, Kim SK, Chang J, et al. Clinical impli-
cations of sarcopenia on decreased bone density in men with COPD.
Chest. 2017;151(5):1018-27.

Sebro R, De la Garza-Ramos C. Machine learning for the prediction of
osteopenia/osteoporosis using the CT attenuation of multiple osseous
sites from chest CT. Eur J Radiol. 2022;155:110474.

Buckens CF, Dijkhuis G, de Keizer B, Verhaar HJ, de Jong PA. Opportun-
istic screening for osteoporosis on routine computed tomography? An
external validation study. Eur Radiol. 2015;25(7):2074-9.

Boutin RD, Hernandez AM, Lenchik L, Seibert JA, Gress DA, Boone JM. CT
phantom evaluation of 67,392 American college of radiology accredita-
tion examinations: implications for opportunistic screening of osteoporo-
sis using CT. AJR Am J Roentgenol. 2021;216(2):447-52.

Page 10 of 10

40. LiG, et al. Muscle-bone crosstalk and potential therapies for Sarco-osteo-
porosis. J Cellular Biochem. 2019;120(9):14262-73.

41. Tagliaferri C, Wittrant Y, Davicco MJ, Walrand S, Coxam V. Muscle and
bone, two interconnected tissues. Ageing Res Rev. 2015;21:55-70.

42. Huang CB, Lin DD, Huang JQ, Hu W. Based on CT at the third lumbar
spine level, the skeletal muscle index and psoas muscle index can predict
osteoporosis. BMC Musculoskelet Disord. 2022;23(1):933.

43, KuboT, Lin PJ, Stiller W, Takahashi M, Kauczor HU, Ohno Y, et al.

Radiation dose reduction in chest CT: a review. AJR Am J Roentgenol.
2008;190(2):335-43.

44. OharaT, Hirai T, Muro S, Haruna A, Terada K, Kinose D, et al. Relationship
between pulmonary emphysema and osteoporosis assessed by CT in
patients with COPD. Chest. 2008;134(6):1244-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Vertebral HU value and the pectoral muscle index based on chest CT can be used to opportunistically screen for osteoporosis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study participants
	CT scanning parameters and postprocessing of images
	DXA scanning
	Statistical methods

	Results
	Clinical baseline data
	Correlations between age, BMI, T4 HU value, PMI, and BMD and T-scores
	Univariate regression analysis of low BMD and osteoporosis
	ROC analysis of diagnostic models

	Discussion
	Conclusion
	Acknowledgements
	References


